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CONVERSION FACTORS AND ACRONYMS

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 4,047 square meter
square mile (mi’) 2.590 square kilometer
million gallons (Mgal) 3,785 cubic meter
gallon per minute (gal/min) 0.003785 cubic meter per minute
million gallons per day (Mgal/d) 3,785 cubic meter per day
foot per day (ft/d) 0.3048 meter per day
foot squared per day (ft*/d) 0.09290 meter squared per day

Acronyms used in this report:

milligram per liter (mg/L)
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Effects of Changing Irrigation Practices on the Ground-Water
Hydrology of the Santa Isabel-Juana Diaz Area, South Central

Puerto Rico

By Orlando Ramos-Ginés

Abstract

An assessment of the effects of changes in irrigation
practices on the ground-water resources in the Santa Isabel-
Juana Diaz area of southern Puerto Rico was made by the
U.S. Geological Survey, in cooperation with the Puerto Rico
Department of Agriculture during 1984 to 1987. The study
area, which is located in the relatively dry south central
coastal plain of Puerto Rico, is largely used for agriculture
and much of the area is irrigated.

Prior to 1930, the principal water-supply source for
irrigation was supplied by a complex channel-pond system
from surface-water sources outside the study area. A small
amount of ground water from the alluvial aquifer within the
study area also was used for irrigation. Recharge from water
applied to the fields and discharge by ground-water flow to
the sea were the major water-budget components prior to the
intensive development of the ground-water resources in the
area. Recharge from irrigation was estimated to be 18.7
million gallons per day and the ground-water flow to sea was
estimated to be 17 million gallons per day.

Development of the ground-water resources after 1930
resulted in a substantial increase in irrigation, primarily
furrow irrigation. The surface water, supplied by the complex
channel-pond system, continued to be used and ground-
water withdrawals increased substantially. By 1968, ground-
water recharge from irrigation water applied to the fields and
discharge by pumpage became the two major components of
the water budget. From 1966 through 1968, recharge from
irrigation water was estimated to be 37 million gallons per
day and the pumpage was about 77.3 million gallons per
day. Saltwater intrusion occurred during this period as a
result of the large ground-water withdrawals and low ground-
water levels.

Concern about the saltwater intrusion and declining water
levels, and a shift away from sugarcane as the principal crop,

led to substantial reductions in ground-water withdrawals
during the 1970's and a gradual conversion from furrow
irrigation to the more efficient drip irrigation. By 1987, drip
irrigation had become the principal method of irrigation in the
study area, and the channel-pond system of irrigation had,
for the most part, been discontinued. The estimated aquifer
recharge from irrigation in 1987 was about 6.6 million gallons
per day. This recharge occurred primarily in the remaining
sugarcane fields, where furrow irrigation was still practiced.
Although aquifer recharge had been reduced as a result of
the conversion from furrow to drip irrigation, water levels in
the aquifer were higher in 1987 than in 1968, because of the
large reduction in ground-water withdrawals and subsequent
recovery of ground-water levels.

In 1987, chloride concentrations in ground water near the
seashore were lower than concentrations in the same area
during 1966 to 1968, because of the increased ground-water
flow to the sea. Chloride concentrations were about 40
milligrams per liter at distances of less than one mile from
shore in 1987, compared with 250 milligrams per liter at
about the same distance during 1966 to 1968.

INTRODUCTION

Changing irrigation practices have caused substantial
changes in the ground-water hydrology in south central Puerto
Rico. Prior to 1930, the principal water supply for agriculture
was from surface-water sources outside the study area and was
made available to farmers through a complex channel-pond
system. After about 1930, however, the ground-water resources
of the area were developed to meet the growing demand for
water for irrigation. By the late 1960's, large withdrawals of
ground water had caused water-level declines and resulted in
saltwater intrusion into the aquifer near the coast.

Introduction 1



The standard irrigation method in the Santa Isabel-Juana
Diaz area of Puerto Rico was furrow irrigation until about 1985.
Since that time, the primary method of irrigation has been drip
irrigation. Drip irrigation, which more effectively uses
available ground-water resources and is more suitable for the
new type of crops grown in the area, began to gradually replace
furrow irrigation in the 1970's. Until about 1985, sugarcane
was the most important crop in the study area. However, a
decline in the worldwide sugar market prices and a shift in the
agricultural priorities of the government of Puerto Rico resulted
in almost a complete replacement of sugarcane with vegetable
and fruit crops by 1987.

During 1986 and 1987, retention ponds associated with the
channel system were destroyed. This channel-pond network
provided a significant amount of recharge to the aquifer (Giusti,
1971b). The change to drip-irrigation methods and the resulting
reduction in recharge to the aquifer caused the Puerto Rico
Department of Agriculture to be concerned about the potential
for ground-water level declines and saltwater intrusion
problems.

In response to the concern about the potential effect of the
new irrigation technique, on the ground-water resources of the
area, the U.S. Geological Survey initiated a cooperative study
with the Puerto Rico Department of Agriculture in 1984 to
describe how the changes in irrigation techniques have
influenced the ground-water hydrology in the Santa Isabel-
Juana Diaz area.

Purpose and Scope

The purpose of this report is to describe the effects of
changing irrigation practices on the ground-water hydrology in
the Santa Isabel-Juana Diaz area. The report describes hydro-
logic conditions and presents estimates of the recharge to and
discharge from the alluvial aquifer during three periods in
which the amount and source of water used for irrigation
differed. The three periods were: (1) a period of furrow
irrigation prior to ground-water development, when water for
irrigation was supplied mainly from surface-water sources
outside the study area; (2) a period of furrow-irrigation, when
ground water and surface water were used; and (3) a period of
drip irrigation, when the water used for irrigation came
primarily from the alluvial aquifer within the study area.

Previous Investigations

The general hydrologic conditions for the south coast of
Puerto Rico were first documented by McGuinness (1948) as
part of a comprehensive inventory of the ground-water

resources of Puerto Rico. The McGuinness (1948) report was
based on well data collected during a comprehensive well
inventory of the Island (McGuinness, 1946) and included
general descriptions of the geology and hydrology of the Santa
Isabel-Juana Diaz area.

The general hydrologic conditions for Puerto Rico were also
summarized by Bogart and others (1964). The report utilized
well data from an updated well inventory (Ward and Truxes,
1964) and presented general descriptions of the water-bearing
units, well depths, well capacities, and general water-quality
characteristics. Giusti (1968 and 1971b) described the
hydrology in the area between the Rio Descalabrado and the
Rio Jacaguas and in the area between the Rio Jueyes and the
Rio Descalabrado.

Studies of ground-water levels and chloride concentrations
in the study area include those by H. Colén-Ramos (U.S.
Geological Survey, unpublished data, 1972), Col6n-Ramos and
Colén-Dieppa (1981), Colén-Dieppa and Gonzélez (1981), J.R.
Diaz (U.S. Geological Survey, unpublished data, 1974), J.R.
Diaz (1974, 1977a, 1977b, 1979a, and 1979b), J.E. Heisel (U.S.
Geological Survey, unpublished data, 1973), Heisel and
Gonzilez (1976), D.G. Jordan (U.S. Geological Survey,
unpublished data, 1974), and F. Quifiones-Marquéz (U.S.
Geological Survey, unpublished data, 1971). These studies
indicated that during some years (1968, 1969, 1973, and 1974)
the water table was below sea level at many sites. The lowest
water level reported was 20 feet (ft) below sea level, which was
measured near Santa Isabel (D.G. Jordan, U.S. Geological
Survey, unpublished data, 1974; Diaz, 1974a). The low water
levels caused the inland movement of the saline-freshwater
interface as documented by an increase of chloride
concentrations in the aquifer.

Bennett (1976) constructed an electrical analog model of the
south coast water-table aquifer. Heisel and Gonzalez (1976)
used this model to evaluate the ground-water conditions in the
south coast during simulated periods of extended drought,
approximating the drought of 1971 to 1973; and to evaluate the
possibility of using treated waste water to recharge the aquifer.
The maximum change in water level of 24 ft simulated in their
study underestimated the changes observed by Diaz (1974)
during 1974. Heisel and Gonzdlez (1979, p. 99-100) suggested
that the use of treated waste water to recharge the aquifer was a
viable solution to the decline in ground-water levels during
drought conditions, but indicated that the quality of the water
used could affect the quality of the ground water.

The geology of the Santa Isabel-Juana Diaz area has been
discussed in detail by Glover (1961a, 1961b and 1971), Glover
and Mattson (1973), Krushensky and Monroe (1975), and
Monroe (1980).
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